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(57) ABSTRACT 

An elastic robot body in which a number of actuators are 
integrated. If the actuators are triggered individually or in 
groups, they exercise a force on the material of the body, so 
that the latter changes its shape. Integrated sensors or 
switches measure the momentary position of the body. An 
imitation hand, comprising such a body, can move its 
sections in a human fashion. 

21 Claims, 17 Drawing Sheets 
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SHAPEABLE ELASTIC BODY WITH 
MASTER UNIT AND METHOD OF 

CONTROLLING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a ?le Wrapper continuation of US. 
patent application Ser. No. 08/250,669, ?led May 27, 1994, 
noW abandoned. 

TECHNICAL FIELD 

The invention involves an elastic body used in robotic 
applications. 

BACKGROUND OF THE INVENTION 

At present movement sequences of technical appliances 
are operated by individual or several motors or actuators of 
diverse design. Alterations to the movement are obtained by 
the addition of eg gear systems, levers or pulleys, the 
movement sequences of Which are determined during the 
construction stage and Which can subsequently be changed 
only by reassembly. The movement sequence is determined 
by the construction. 

In contrast to techniques designed by man, movements in 
nature are produced eg by muscles. These comprise a 
number of cells Which can contract. In a Working muscle, it 
is rare for all muscle cells to be active at the same time, but 
only those cells and as many as are required to execute the 
movement. As a result, a muscle is much more ?exible and 
can also execute unpredicted movements. For the movement 
sequences are not determined in advance by the 
construction, but learned. The movement mechanism of a 
muscle Works on a redundant principle, ie if some muscle 
cells fail, others Will alWays contract in their place so that the 
overall muscle movement achieved is again correct. 

If mechanical elements similar to muscles Were available, 
it Would be possible to produce a Whole range of neW 
appliances, such as imitation human limbs. Mechanical 
elements With movements determined not by their construc 
tion but only by a computer program Which controls them, 
Would solve many technical problems. This Would apply 
especially if the task required of the mechanical element or 
of the appliance to Which the element belongs Were to 
change. 

The demand for redundancy in technical systems is at 
present met by multiple installation in small numbers of the 
same constructional elements in these appliances. In that 
case, the elements themselves are not redundant. It Would 
accordingly be desirable to have mechanical elements Which 
are self-redundant. 

In computer engineering algorithms have noW been devel 
oped Which are self-learning. The conversion of such algo 
rithms into the mechanical World makes particular sense if 
the movements Which can be executed by the appliances are 
not rigidly determined by their construction, but ?exible. 
Movement sequences of technical appliances are noW 

determined by means of individual or small quantities of 
sensors. These sensors are located at important positions for 
the special control sequence of a special construction. Since 
the movement sequences are determined by the 
construction, the loW number of ?xed position sensors is 
adequate to register the movements. 

That Would not hoWever be the case if one had mechanical 
elements the movements of Which Were not determined by 
the construction, but Were ?exible and determined by a 
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2 
computer algorithm. Registration of the momentary position 
and movement of such elements With conventional means 
Would prove di?icult if not possible and could even corrupt 
the character of the elements. For such an element, it Would 
therefore be desirable to have a sensor system Which could 
register all changes of shape and movement. 
Man has created the technical environment in Which he 

lives in such a Way that his limbs alloW him to act in an 
optimum fashion. Robots Which take over Work from man in 
this environment can Work particularly rationally if they 
have a humanoid construction and move accordingly. For 
that reason, robot hands in particular must correspond to 
human hands. 

Goal of the invention is to create an elastic body Which 
can change its shape almost continually, Which is controlled 
by computer algorithms and serves as a mechanical element, 
eg for generating poWer and motion. In that respect, the 
invention is also aimed at creating a type of organic body to 
the effect that the latter can be controlled by self-learning 
algorithms. The aim is furthermore to measure the change in 
shape of such a self-shaping element. 
A further aim of this invention is to create robot hands 

With a master-slave control With their oWn integrated drive 
systems and With an elastic construction Which makes them 
pleasant to humans. 
A further goal is to achieve elastic robot limbs for the use 

in technical robots, toys or ?lm-, shoW- and amusement 
puppets and to create a master-unit for inserting the desired 
movements of such robots and puppets and to create a 
method of controlling. See GB-A-2,013,617 for further 
background. For more background understanding, see ‘Pro 
ceeding 1990 IEEE International Conference on Robotics 
and Automation’, Mai 1990, IEEE Computer Society, 
Fukuda et al.: Distributed Type of Actuators by Sma and its 
Application to UnderWater Mobile Robotic Mechanism, 
pages 1316 to 1321. 

Afurther aim of the invention is to provide a glove-device 
for inserting the movements of the human hand into the 
computer. 
A further aim of the invention is to provide a method for 

controlling a robot hand With said neW glove-device. 

Although technical appliances operated by a number of 
actuators are knoWn, such as that represented in DE 29 15 
313, the actuators of that appliance are not hoWever inte 
grated in elastic material so that a number of non 
predetermined movements can be executed but only those 
determined by the construction. 

Although technical appliances Which feature elastic bod 
ies as an integral component are knoWn, such as that 
represented in DE 40 33 089, they are not operated by a 
number of individually or group-triggered actuators. These 
too do not permit a variety of non-predetermined move 
ments. 

Although remote-control imitation hands are knoWn, such 
as that represented in WO 90/04370, the number of control 
elements is so limited that these hands can execute only 
movements Which on the one hand are predetermined by the 
construction and are on the other hand very abrupt. There is 
no measurement of the momentary position of the limb 
sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The aims of this invention are solved by this invention. 
These are elucidated on the basis of the folloWing schematic 
?gures: 



US 6,408,289 B1 
3 

FIG. 1a is a perspective vieW of a panel-shaped elastic 
body With spirals made of memory material as actuators in 
basic condition; 

FIG. 1b is a ?gure like FIG. 1a eXcept showing actuator 
When actuated; 

FIG. 2a is an arrangement of memory Wires to form a 
tWo-dimensional matriX; 

FIG. 2b is a memory Wire With holder; 

FIG. 3a is a combination of tWo matrices With memory 
Wires acting in different directions; 

FIG. 3b is a cross-section through ?ve matrices When 
bent; 

FIG. 3c is a series of perspective vieWs of a movement 
sequence of a panel-shaped elastic body; 

FIG. 4a is an eXample of a self-sealing cover, in an open 
position; 

FIG. 4b is an eXample of a self-sealing cover, in a closed 
position; 

FIG. 4c is an eXample of a self-sealing cover, in a scaled 
position; 

FIG. 5 is an eXample of an arti?cial hand; 

FIG. 6a is a bimetallic actuator; 

FIG. 6b is an electromagnetic actuator With inner move 

ment; 
FIG. 6c are electromagnetic actuators Which repel or 

attract each other; 
FIG. 7a is a cross-section through sWitches in an elastic 

body Which respond When the body is compressed; 
FIG. 7b is a ?gure like 7a eXcept the body is bent; 
FIGS. 8a—f use cross-section through sWitches in an 

elastic body Which respond When the body is bent; 
FIG. 9 is a cross-section through a ?nger part of a data 

glove comprising an elastic body With a number of sWitches 
With a structure identical to those in FIG. 8; 

FIG. 10a is a surface pressure sensor is as 1a—eXploded 

vieW; 
FIG. 10b is a ?gure like 10a eXcept as a cross-section of 

a sWitch element; 
FIG. 11 are actuators made as springs out of shape 

memory metal; 
FIG. 12 are actuators inserted into foamed rubber; 
FIG. 13 are actuators inserted into elastic material With 

holes; 
FIG. 14 are conducting particles inserted into the elastic 

material; 
FIG. 15 is a cross-section of a ?nger of a glove for 

measuring the movements of the human ?ngers by resis 
tance; 

FIG. 16 is a cross-section of a ?nger of a glove for 
measuring the movements of the human ?ngers by capaci 
tance; 

FIG. 17 is a vieW of a glove for measuring the movements 
of the human ?ngers and the hand for inserting the data into 
a computer; 

FIG. 18 is a cross-section of a ?nger of a glove for 
measuring the movements of the human ?ngers by strain 
gauge devices; 

FIG. 19 is a cross-sectional vieW of a Wire actuator; 

FIG. 20 is a cross-sectional vieW of another Wire actuator 

embodiment; 
FIG. 21 is a cross-sectional vieW of another Wire actuator 

embodiment With coolant; 
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4 
FIGS. 22a and B are cross-sectional vieWs of memory 

actuators in different states; 
FIGS. 23a and b are cross-sectional vieWs of a portion of 

an elastic body bent and unbent, respectively; and 
FIGS. 24a and b are cross-sectional vieWs of another 

actuator in actuated and unactuated positions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs an elastic body (1) made for eXample of 
silicone rubber. That body has integrated spiral springs (2), 
Which can contract in accordance With a mechanism 
described in detail beloW. Here they are called actuators as 
they eXecute a movement or action When in operation. FIG. 
1a shoWs them in their unactuated basic condition. Actuated, 
in FIG. 1b, they contract and thus contract the body, the 
shape of the body (1) changes, it undulates and surfaces (3) 
and (4) converge. 
Memory metals, such as certain titanium-nickel alloys, 

change their eXternal shape at certain temperatures oWing to 
phase conversion. The spirals shoWn in FIGS. 1a and b are 
made of such a material. The actuated condition is achieved 
by a change in temperature. 

FIG. 2a shoWs a part of a tWo-dimensional force element 
matriX of memory Wires. By selecting the correct control 
leads (5‘) and (5“), the Wires can be individually triggered 
and directly heated. The resistance of control leads (5‘) and 
(5“) is calculated so that only the memory Wires are heated. 
Indirect heating is hoWever also conceivable. Tension 
release devices (6) make the matriX ?eXible for movements. 
By means of the holders or ribs (7), designed for instance as 
rings, FIG. 2b, the memory Wires (4) can be held in position 
in the elastic material of the body When the shape changes. 
Holders 7 engage the elastic material to hold the actuators 
?Xed in position in the material When actuating. 

FIGS. 3a—c illustrates hoW a virtually constant movement 
can be executed With a single-actuator trigger. As in all the 
other ?gures, this does not shoW the control leads and 
holders. 

Several of the tWo-dimensional matrices shoWn in FIG. 
2a are integrated in a rubber elastic body. The planes formed 
by the matrices are offset in relation to each other by 
approximately one half Wire length (11) in each case. FIG. 

3a elucidates this on the eXample of tWo layers (8) and The planes need not have any real, but only a mentally 

arranging character. Representative of all elements in one 
plane, the direction in Which the actuators of planes (8) and 
(9) act is shoWn on the eXample of the curve of Wires (10‘) 
and 10“). FIG. 3b shoWs a section through a part of such a 
multi-layer system. Actuators (10) are operated, so that they 
bend and consequently bend the body (12). Operating other 
actuators Would result in different changes in the shape of 
the body (12). Accordingly, continuous operation of indi 
vidual or groups of actuators can achieve continuous move 
ment at 11 consecutive intervals, as shoWn for eXample in 
FIG. 3c. As such memory metal parts change their shape 
very abruptly, the higher the number of actuators the more 
continuous the movement. The matriX sections shoWn could 
also interlock three-dimensionally. This results in Widely 
varying movement sequences. All the sequences are based 
on the movement principle ?led in this application. The 
great number of integrated actuators gives the elastic body 
redundancy, because When some actuators fail, there are 
alWays others Which can be triggered in their place, so that 
the overall movement of the elastic body remains 
unchanged. 








